(19) 



(12) 



Europdisches Paterrtamt 
European Patent Office 
Office europeen des brevets (11) EP 0 858 1 09 A2 

EUROPEAN PATENT APPLICATION 



(43)~Date of publication: " 
12.08.1998 Bulletin 1998/33 

(21) Application number: 98102007.6 

(22) Date of filing: 05.02.1 998 



(51) Int. CI 6 : H0TL 27/108, H01L 21/8242 



(84) Designated Contracting States: 


(72) Inventor: 


AT BE CH DE DK ESFIFRGBGR IE IT LI LUMC 


Saelti, Takanori, 


NL PT SE 


c/o NEC Corp. 


Designated Extension States: 


Tokyo (JP) 


AL LT LV WIK RO SI 


(74) Representative: 


(30) Priority: 07.02.1997 JP 40101/97 


VOSSIUS & PARTNER 


Siebertstrasse 4 


(71) Applicant: NEC CORPORATION 


81675 Munchen (DE) 


Tokyo (JP) 





CM 
< 

o 

CO 

in 

CO 

o 

Q. 
LU 



(54) Semiconductor memory device and method for manufacturing thereof 



(57) A semiconductor device in which the number of 
steps intrinsic to a memory cell is reduced to as small a 
value as possible to realize reduction in cell size and 
invulnerability against software error. A gate oxide film 
306 and a capacitance insulating film 310 are formed by 
one and the same oxide film forming step, while a gate 
electrode 305 and a charge holding electrode 309 are 
formed by one and the same electrode forming step. A 
capacitance electrode connecting local interconnection 
31 1 and a bit line connection local connection 312 are 
formed by the same interconnection forming step whilst 
active areas 303 neighboring in the word line direction 
are arranged with an offset of one gate electrode 305. 
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An area of the isolation film 302 between extending 
word lines is arrayed adjacent to the Z-Z ' direction of the 
capacitance forming diffusion layer 307 of the active 
area 303. A trench 304 can be arranged in an isolation 
oxide film 302 between throughout-extending word lines 
in a direction 90° offset from the long side direction of 
the active area 303. There is no pattern of a charge 
holding electrode 309 such that the trench 304 can be 
arranged proximate to both side gate electrodes 305 at 
a separation of approximately one-fourth the minium 
separation of the gate electrodes. 
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Description 

This invention relates to a semiconductor device 
and. more particularly, it relates to a memory celt struc- 
ture of a dynamic random access memory made up of a 
sole transistor and sole capacitor, and a method for 
manufacturing same. 

Since the time of development of a memory cell of 
a dynamic random access memory made up of a sole 
transistor and a sole capacitor, it has become difficult to 
simplify the structure and to save the area! space by cir- 
cuit configuration. Thus, attempts have been made to 
realize saving in area! space by a three-dimensional 
capacitor structure by the device process, self-align- 
ment of contact interconnections and by multi-layered 
interconnections. In these attempts, the memory cell 
structure, starting from a planar capacitor structure in 
which a gate electrode 505 of a MOS transistor and a 
counterelectrode 509 of a capacitor charge holding 
electrode are formed on a semiconductor substrate 
501, as shown in Fig.48, was roughly diverged into a 
trench capacitor structure and a stacked structure. In 
the trench capacitor structure, shown in Fig.49, a hole 
or a trench 604 is formed in a semiconductor substrate 
601 . carrying a gate electrode 605 of a MOS transistor 
and a counterelectrode 603 of a capacitor charge hold- 
ing electrode, and the hole surface is used as a capaci- 
tor charge holding electrode, that is as a capacitance 
forming diffusion layer 607. In the stacked structure, 
shown in Rg.50, a capacitor charge holding electrode 
711, that is a stacked electrode 711, is formed on a 
semiconductor substrate 701 . carrying a gate electrode 
705 of a MOS transistor and a counterelectrode 709 of 
the capacitor charge holding electrode. 

Referring to Fig.48, 502 is a device isolating oxide 
film, 503 an active area, 506 a gate oxide film, 507 is a 
capacitance forming diffusion layer, 508 a bit line con- 
necting diffusion layer, 510 a capacitance insulating 
film, 513 a bit line and 515 is a connection hole. Refer- 
ring to Fig.49, 602 is a device isolating oxide film, 606 a 
gate oxide film, 608 a bit line connection diffusion layer, 

609 a counterelectrode of a charge holding electrode, 

610 a capacitance insulating film, 613 a bit line and 615 
is a connection hole. Referring to Rg.50, 703 is an 
active area, 705 a gate electrode. 706 a gate oxide film, 
707 a capacitance forming diffusion layer, 708 a bit line 
connect ion diffusion layer, 710 a capacitance insulating 
film, 713 a bit line, and each of 714. 715 is a connection 
hole. 

The trench capacitor structure was further diverged 
into a system having a substrate as a capacitor charge 
holding electrode, as shown in Fig.49. and a system 
having a substrate 801 as a counterelectrode of a 
capacitor charge holding electrode, as shown in Rg.51. 
Referring to Fig.51 . 802 is a device isolating oxide film, 
803 an active area, 804 a trench, 805 a gate electrode. 
806 a gate oxide film. 807 a capacitance forming diffu- 
sion layer. 808 a bit line connection diffusion layer, 809 



a charge holding electrode, 810 a capacitance insulat- 
ing layer, 813 a bit line, and 815 is a connection hole. 

Referring to Rg.50, the stacked structure was 
evolved from the on-word-line stacked electrode system 

5 of forming a stacked electrode 71 1 on a gate electrode 
705 to a on-bit-line stacked electrode structure, as 
sh6wr7in~Fig.52, ~df forming a~capacitor made 1up~of a" 
stacked electrode 911 and a counterelectrode 909 of 
the charge holding electrode. 

w The following problems have been encountered 
and/or turned out in the courseof investigations toward 
the present invention. 

Recently, with the increasing system speed, a 
demand for raising the data transfer speed between a 

75 logic device such as a micro-processor or a gate array 
and the memory device is increasing. For raising the 
data transfer speed between chips, a dedicated 
input/output circuitry and dedicated boards are 
required. In addition, power consumption at the 

20 input/output circuitry and the package cost are 
increased, such that it has become necessary to have 
the logic device and the memory device mounted on a 
sole chip. 

In contradistinction from the manufacturing process 
25 for a logic device for which basically the manufacturing 
process for the CMOS transistor suffices, the manufac- 
turing process for a memory device is in need of a man- 
ufacturing process for a three-dimensional capacitor in 
addition to the manufacturing process for a CMOS tran- 
30 sistor. 

Therefore, since the manufacturing process for the 
three-dimensional capacitor represents a redundant 
process for the area of the logic device, the cost of a 
sole chip is higher than that of a chip of the logic device 

35 by itself and a sole chip of the dynamic random access 
memory device. 

Moreover, in the memory cell of the stacked struc- 
ture, since a capacitor made up of the stack electrode 
711, 911 and the counterelectrode 709, 909 of the 

40 charge holding electrode after formation of the gate 
electrode of the MOS transistor as shown in Rg.50 and 
52, the extent/amount of the heat treatments after for- 
mation of the MOS transistor is increased to deteriorate 
characteristics of the MOS transistors. 

45 In the trench capacitor structure, since the capaci- 
tor Structure is produced before formation of the gate 
electrode, the problem of deterioration of MOS transis- 
tor characteristics is not liable to be raised. However, 
the electrode for the capacitor and the capacitance 

so insulating film are formed by a process other than the 
logic device process, thus inevitably increasing the 
number of steps ami cost 

For overcoming these problems, a proposal has 
been made for systems for manufacturing the dynamic 

55 random access memory device by the manufacturing 
process for the CMOS transistor by using an insulating 
f Bm for the capacitor and an insulating film for the tran- 
sistor in common and by using an electrode for a capac- 
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itor and an electrode for the transistor in common (see a 
reference material 'ISSCC96 FP16.1 1 ). In one of these 
systems, since the capacitor is of a planar structure, the 
memory cell area is excessively increased. In another of 
the above systems, similarly employing the capacitor 5 
electrode and the transistor electrode in common, a 
trench capacitor structure is used, in which a trench is 
formed in a capacitor forming region of the substrate 
prior to formation of the insulating film for the transistor, 
with the hole surface being used as a capacitor charge w 
holding electrode (see JP Patent Kokai Publication JP- 
A-1-231363). 

With this system, the capacitor portion is decreased 
in area in an amount corresponding to the trench. How- 
ever, since the transistor electrode and the counterelec- 15 
trode of the capacitor charge holding electrode are 
formed by the same interconnection layer, and hence 
the separation width corresponding to the machining 
tolerance for lithography needs to be provided, the 
memory cell becomes larger in cell size than the mem- 20 
ory cell of the trench capacitor structure of the type not 
employing the insulating film for the capacitor and the 
insulating film for the transistor in common. Moreover, 
since the hole surface is used as the capacitor charge 
holding electrode, the junction area between the semi- 25 
conductor substrate and the charge holding electrode is 
increased in proportion to the surface area of the elec- 
trode, thus worsening the data holding characteristics of 
the chip and also software error properties. 

On the other hand, in the trench capacitor structure 30 
of the system having the substrate as a counterelec- 
trode of the capacitor charge holding electrode, since 
the substrate surface is used as a countereiectrode of 
the charge holding electrode, in case where the trench 
is formed directly in the diffusion area connecting to the 35 
capasitance holding electrode of the transistor, it 
becomes difficult to suppress the effect of parasitic ele- 
ments in the isolation area between the diffusion area 
connecting to the capacitance holding electrode and the 
substrate of the countereiectrode of the capacitance. 40 

The dynamic random access memory device usu- 
ally has an internal voltage deer easing circuit a voltage 
raising circuit and a substrate potential generating cir- 
cuit. In the logic device, the internal voltage decreasing 
circuit voltage raising circuit and the substrate potential 45 
generating circuit are required for controlling the transis- 
tor threshold value for decreasing the stand-by leak cur- 
rent. 

In such potential generating circuit a compensation 
capacitance device is essential. However, since the so 
dynamic random access memory device usually 
employs a gate electrode, a problem is raised that a 
large area is taken up in the chip. 

In view of the above-mentioned status of the art rt 
is an object of the present invention to provide a novel 55 
semiconductor device and a manufacturing method for 
same in which not only the number of steps proper to 
the memory cell is reduced to as small a number as 
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possible and in which the cell size is reduced and immu- 
nity from software error is realized to the greatest extent 
possible. 

Other objects of the present invention will become 
apparent in the entire disclosure. 

For accomplishing the above object, various 
aspects of the solutions according to the present inven- 
tion will be explained below. 

According to a first aspect of the present invent ion 
there is provided a semiconductor device having a 
dynamic random access memory having a plurality of 
memory cells each having a transistor and a capaci- 
tor. The semiconductor device has the following fea- 
tures. A gate oxide film of the transistor and a 
capacitance insulating f 3m of the capacitor are formed 
by the same insulating layer. A gate electrode of the 
transistor and a charge holding electrode of the capaci- 
tor are formed by eliminating unneeded portions of the 
same electrically conductive layer to give a desired 
shape. A countereiectrode of the charge holding elec- 
trode of the capacitor is formed by a recess, that is a 
trench, in the surface of a semiconductor substrate. 

According to a second aspect of the present inven- 
tion the semiconductor device has the following fea- 
tures, particularly in the semiconductor device of the 
first aspect of the present invention. A plurality of active 
areas are formed on a surface of a semiconductor sub- 
strate for forming the transistor of the dynamic random 
access memory, and an area is formed with an insulat- 
ing film for isolation of the active area. The trench is 
formed in the area coated with the insulating film for iso- 
lation of the active area by providing an opening in the 
insulating film for isolation of the active area in a pre-set 
portion other than the active area. 

According to a third aspect of the present invention 
the semiconductor device has the following features, 
particularly in the semiconductor device of the first or 
second aspect. A trench is formed at an intermediate 
between neighboring gate electrodes. A part or the 
entire of the charge hokfing electrode of the capacitor is 
formed by the same electrically conductive film as the 
gate electrode and buriedfi.e. .disposed) in the trench. 

According to a forth aspect of the present invention 
the semiconductor device has the following features, 
particularly in the semiconductor device of the first, sec- 
ond or third aspect of the present invention. The active 
areas of the gate electrode neighboring to each other in 
the direction of the channel width are offset by one 
neighboring gate electrode, The trench is formed in a 
direction 90° offset from the long side direction of the 
active area. 

According to a fifth aspect of the present invention 
the semiconductor device has the following features, 
particularly in the semiconductor device of the third or 
fourth aspect of the present invention. The charge hold- 
ing electrodes buried in the trench and a capacitance 
connecting portion of the active areas forming the tran- 
sistor are connected to each other by lateral growth(for- 
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mation or provision) of a selectively grown electrical 
conductor. 

According to a sixth aspect of the present invention 
the semiconductor device has the following features, 
particularly in the semiconductor device of the third or 5 
fourth aspect of the present invention. The charge hold- 
ing elecYoc^^rTedlrrthe trench and a capacitance 
connecting portion of the active area forming the tran- 
sistor are connected to each other by lateral growth(for- 
mation or provision) of a selectively grown electrically w 
conductive member of silicon and by lateral growth(for- 
mation or provision) by silicidatton of the electrical con- 
ductor. 

According to a seventh aspect of the present inven- 
tion the semiconductor device has the following fea- is 
tures, particularly in the semiconductor device of the 
first to seventh aspects of the present invention, the 
active area making up the transistor is isolated from the 
semiconductor substrate by a substrate isolating silicon 
oxide film. 20 

According to an eighth aspect of the present inven- 
tion, particularly in the semiconductor device of the first 
to eighth aspects of the present invention, the trench is 
formed in an area other than the memory cell array area 
so as to be used as a capacitance device. 25 

According to a further aspect, the present invention 
also provides a method for manufacturing a semicon- 
ductor device having a dynamic random access mem- 
ory having a plurality of memory cells each having a 
transistor and a capacitor. The method comprises vari- 30 
ous steps. Namely, a gate oxide film of the transistor 
and a capacitance insulating film of the capacitor are 
formed by one and the same oxide film forming step. A 
gate electrode of a charge holding electrode of the 
capacitor are formed by one and the same electrode 35 
forming step by removing an unneeded portion of the 
same electrically conductive layer to a desired 
shape(pattern). A charge holding electrode of the 
capacitor is arranged on the electrical conductor side, 
and a counterelectrode of the charge holding electrode 40 
is formed as a recess, that is a trench, in the surface of 
the semiconductor substrate. Further aspects of the 
present invention are set forth in the various claims and 
will be apparent from the entire disclosure in conjunc- 
tion with the drawings. 45 

Rg.1 is a plan view of a first embodiment of the 
present invention. 

Fig.2 is a cross-sectional view taken along line X-X? 
of Rg.1. 

Fig.3 is a cross -sectional view shewing a process of so 
the first embodiment of the present invention (corre- 
sponding to the cross-section taken along line X-X* of 
Rg.1). 

Rg.4 is a cross-sectional view showing the process 
of the first embodiment of the present invention. 55 

Rg.5 is a cross-sectional view showing the process 
of the first embodiment of the present invention. 

Fig. 6 is a cross-sectional view showing the process 



of the first embodiment of the present invention. 

Rg.7 is a cross-sectional view showing the process 
of the first embodiment of the present invention. 

Rg.8 is a cross-sectional view showing the process 
of the first embodiment of the present invention. 

Rg.9 is a cross-sectiona l view sh owing the process 
of the first embodiment of the present invention. 

Rg.10 is a cross-sectional view showing the proc- 
ess of the first embodiment of the present invention. 

Rg.11 is a plan view showing a second embodi- 
ment of the present invention. 

Rg.1 2 is a cross-sectional view taken along line Z- 
Z*of Fig.11. 

Rg.1 3 is a cross-sectional view showing a process 
of the second embodiment of the present invention. 

Rg.1 4 is a cross-sectional view showing the proc- 
ess of the second embocfiment of the present invention. 

Rg.1 5 is a plan view showing a third embodiment of 
the present invention. 

Rg.1 6 is a cross-sectional view taken along line X- 
* of Rg.15. 

Rg.1 7 is a cross-sectional view taken along line Y- 

V of Fig. 15. 

Rg.18 is a cross-sectional view taken along line Z- 
Z' of Rg.15. 

Rg.1 9 is a cross-sectional view showing a process 
of the third embodiment of the present invention (corre- 
sponding to the cross-section taken along line X-X* of 
Rg.15). 

Rg.20 is a cross-sectional view showing the proc- 
ess of the third embodiment of the present invention 
(corresponding to the cross-section taken along line Y- 
Y' of Rg.15). 

Rg.21 is a cross-sectional view showing the proc- 
ess of the third embodiment of the present invention 
(corresponding to the cross-section taken along line Z- 
Z* of Rg.15). 

Rg.22 is a cross-sectional view showing the proc- 
ess of the third embodiment of the present invention 
(corresponding to the cross-section taken along line X- 
X'ofFig.15). 

Rg.23 is a cross-sectional view showing the proc- 
ess of the third embodiment of the present invention 
(corresponding to the cross-section taken along line Y- 

V of Rg.15). 

Rg.24 is a cross-sectional view showing the proc- 
ess of the third embodiment of the present invention 
(corresponding to the cross-section taken along line Z- 
T of Rg.15). 

Rg.25 is a cross-sectional view showing the proc- 
ess of the third embodiment of the present invention 
(corresponding to the cross-section taken along line X- 
X' of Rg.15). 

Rg.26 is a cross-sectional view showing the proc- 
ess of the third embodiment of the present invention 
(corresponding to the cross-section taken along line Y- 

V of Rg.15). 

Rg.27 is a cross-sectional view showing the proc- 
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ess of the third embodiment of the present invention 
(corresponding to the cross-section taken along line Z- 
Z-of Rg.15). 

Fig.28 is a cross-sectional view of the process of 
the boundary area between the memory cell array area 
and the peripheral logic circuit other than the memory 
cell array of the third embodiment of the present inven- 
tion. 

Fig.29 is a cross-sectional view showing the proc- 
ess of the third embodiment of the present invention 
(corresponding to the cross-section taken along line Y- 
Y of Rg.15). 

Fig.30 is a cross-sectional view showing the proc- 
ess of the third embodiment of the present invention 
(corresponding to the cross-section taken along line Z- 
Z* of Rg.15). 

Fig. 31 is a cross-sectional view showing the proc- 
ess of the third embodiment of the present invention 
(corresponding to the cross-section taken along line X- 
X' of Rg.15). 

Fig.32 is a cross-sectional view of the process of 
the boundary area between the memory cell array area 
and the peripheral logic circuit other than the memory 
cell array of the third embodiment of the present inven- 
tion. 

Fig ; 33 is a cross-sectional view showing the proc- 
ess of the third embodiment of the present invention 
(conrespondng to the cross-section taken along line X- 
X* of Rg.15). 

Rg.34 is a cross-sectional view showing the proc- 
ess of the third embodiment of the present invention 
(corresponding to the cross-section taken along line Y- 
Y' of Fig.15). 

Fig.35 is a cross-sectional view showing the proc- 
ess of the third embodiment of the present invention 
(corresponding to the cross-section taken along line Y- 
r of Rg.15). 

Rg.36 is a cross-sectional view of the process of 
the boundary area between the memory cell array area 
and the peripheral logic circuit other than the memory 
cell array of the third embodiment of the present inven- 
tion. 

Rg.37 is a cross-sectional view showing a process 
of the fourth embodiment of the present invention (cor- 
responding to the cross-section taken along line X-X? of 
Rg.15). 

Rg.38 is a cross -sectional view showing the proc- 
ess of the third embodiment of the present invention 
(corresponding to the cross-section taken along line Y- 
rof Rg.15). 

Rg.39 is a cross-sectional view showing the proc- 
ess of the fourth embodiment of the present invention 
(corresponding to the cross-section taken along line Z- 
T of Rg.15). 

Rg.40 is a cross-sectional view of the process of 
the boundary area between the memory cell array area 
and the peripheral logic circuit other than the memory 
cell array of the fourth embodiment of the present inven- 



tion. 

Rg.41 is a cross-sectional view showing a process 
of the fifth embodiment of the present invention (corre- 
sponding to the cross-section taken along line X-X? of 
5 Rg.15). 

Rg.42 is a cross-sectional view showing the proc- 
ess Tof the fifth embodiment of the prese~ht invention 
(corresponding to the cross-section taken along fine Y- 
Y* of Rg.15). 

w Rg.43 is a cross-sectional view showing the proc- 
ess of the fifth embodiment of the present invention 
(corresponding to the cross-section taken along line Z- 
T of Fig.15). 

Rg.44 is a cross-sectional view of the process of 
15 the boundary area between the memory cell array area 
and the peripheral logic circuit other than the memory 
cell array of the fifth embodiment of the present inven- 
tion. 

Rg.45 is a cross-sectional view showing a process 
20 of the sixth embodiment of the present invention (corre- 
sponding to the cross-section taken along line X-X 1 of 
Rg.15). 

Rg.46 is a cross-sectional view showing the proc- 
ess of the sixth embodiment of the present invention 
25 (corresponding to the cross-section taken along line Y- 
Y* of Rg.15). 

Rg.47 is a cross-sectional view showing the proc- 
ess of the sixth embodiment of the present invention 
(corresponding to the cross-section taken along line Z- 
30 T of Rg.15). 

Rg.48 is a cross-sectional view of a memory cell of 
a conventional technique having a planar capacitor 
structure. 

Rg.49 is a cross-sectional view of a memory ceil of 
35 the conventional technique having the trench surface as 
a capacitor charge holding electrode. 

Rg.50 is a cross-sectional view of a memory cell of 
the conventional technique having a capacitor of the 
stacked structure. 
40 Rg.51 is a cross-sectional view of a memory cell of 
the conventional technique having the trench surface as 
a counterelectrode of a capacitor charge holding elec- 
trode. 

Rg.52 is a cross-sectional view of a memory cell of 
45 the conventional technique having a capacitor bit line of 
a stacked structure. 

Preferred embodiments of the present invention will 
hereinafter be explained. In the preferred embodiments, 
the semiconductor device of the present invention has a 
so dynamic random access memory having plural memory 
cells each made up of a sole transistor and a sole 
capacitor. The gate oxide film of the transistor (106 of 
Rg.2) and a capacitor insulating film (1 10 of Fig .2) are 
formed by an insulating film produced by the same 
55 oxide film forming steps. A gate electrode of the transis- 
tor (105 of Rg.2) and a capacitor charge holding elec- 
trode (109 of Rg.2) are formed by the same electrode 
forming steps, whilst the counterelectrode of the capac- 
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itor charge holding electrode is formed by a as a trench 
formed in the semiconductor substrate surface. 

In accordance with the preferred embodiment, the 
trench forming position is at an intermediate between 
neighboring gate electrodes, and the charge holding 
electrode of axapacitor, formed by the same electrically 
conductive film as the gate electrode, is buried wholly or 
partially in the trench (see e.g., Fig. 12). 

In a preferred embodiment of the present invention, 
a local interconnection for connecting a capacitance 
electrode (such as 31 1 of Fig. 18) and a bit line connect- 
ing local interconnection (such as 312 of Fig. 18) are 
formed by the same interconnection forming step, whilst 
active areas neighboring to one another in the word line 
direction (such as 303 of Figs. 16 and 18) are offset by 
one gate electrode (word line) (305 in Fig. 16) such that 
an area of the isolation oxide film between word lines 
(302 of Fig. 16) extending throughout is arrayed adja- 
cent to the Z-Z' direction of the capacitance forming dif- 
fusion layer of the active area (307 of Fig. 18). Thus, the 
trench (304 of Figs. 17 and 18) can be arranged in the 
isolation oxide film area between the throughout- 
extending word lines in a direction 90° offset from the 
long-side (longitudinal) direction of the active area, that 
is in the Z-Z* direction(see Fig.15). 

Since there is no pattern of the charge holding elec- 
trode, and the trench (304 of Fig. 1 7) is cfisposed in prox- 
imity to the gate electrodes on both sides to a position of 
an extent of one quarter of the minimum separation 
between the gate electrodes, there may be provided a 
memory cell of high reliability and small area by adding 
only the trench opening step. For further illustration of 
the embodiments of the present invent ion, preferred 
embodiments of the present invent ion will be explained 
with reference to the drawings. 

Embodiment 1 

A first embodiment of the semiconductor memory 
device of the present invention is hereinafter explained. 
Fig.1 is a plan view for illustrating a first embodiment of 
the semiconductor memory device of the present inven- 
tion, whilst Fig.2 is a cross-sectional view taken along 
line X-X'of Rg.1. 

Referring to Figs.1 and 2, 101 is a semiconductor 
substrate, 102 an isolation oxide film or a so-called 
selective oxide film, and 103 is an active area, that is an 
area of the surface of the semiconductor substrate 101 
not covered by the selective oxide film 102. 104 is a 
trench, formed in the semiconductor substrate, the inte- 
rior surface(wall surface) of which is a counterelectrode 
of the charge holding electrode. 105 is a gate electrode 
simultaneously used as a word line. Between the gate 
electrode 105 and the active area 103 is a gate oxide 
film 106. 107 is a capacitance forming diffusion layer, 
and 18 is a bit line connect ion diffusion layer. 109 is a 
charge holding electrode. Between the charge holding 
electrode 109 and the surface of the semiconductor 



substrate 101 in the inside of the trench 104 is a capac- 
itance insulating film 110. 111 is a capacitance elec- 
trode connecting local interconnection and 112 is a bit 
line connectng local interconnection, while 113 is a bit 
5 line. 

The capacitance electrode connecting local inter 
connection 111 inter connects the capacitance forming 
diffusion layer 107 and the charge holding electrode 109 
by a connection hole 1 14, whilst the bit line connecting 

w local interconnection 112 interconnects the bit line con- 
nection diffusion layer 108 and the bit line 1 13 via con- 
nection holes 1 1 5 and 1 1 6. 

In the present embodiment, the gate electrode 106 
and the capacitance insulating film 110 are formed by 

75 the same oxide film forming step, while the gate elec- 
trode 105 and the charge holding electrode 109 are 
formed by the same electrode forming step. 

Similarly, the capacitance elect rode connecting 
local interconnection 111 and the bit line connectng 

20 local interconnection 1 12 are formed by the same inter- 
connection forming step. 

Trie use of the same step in common for plural 
steps in the present embodiment is confirmed by the 
manufacturing process. 

25 Figs.3 to 1 0 are cross-sectional views for illustrating 
the manufacturing process of the semiconductor mem- 
ory device of the present embodiment step-by-step. 
Referring to Figs.3 to 10, the manufacturing method of 
the semiconductor memory device of the present 

30 embodiment is hereinafter explained. 

First, referring to Fig.3, the isolation oxide film 102 
and the active area 103 are formed on the semiconduc- 
tor substrate 101, after which a photoresist 121 for 
lithography for forming the trench 104 is formed. Then, 

35 as shown in Fig.4, part of the isolation oxide film 102 
and part of the semiconductor substrate 101 are 
removed to a desired depth by anisotropic etching. 

The photoresist 121 is then removed and, after a 
suitable cleaning step, a silicon oxide film 122 is formed 

40 by a thermal oxidation method or by a chemical vapor 
gas phase growth (deposition) method. An electrically 
conductive film 123 formed by a dual-layer structure of 
polycrystalline silicon and metal silicide is formed and, 
as shown in Rg.5, a photoresist 124 having a pattern of 

45 the gate electrode 1 05 and the charge holding electrode 
109 is formed by photolithography. 

Then, an unneeded portion of the electrically con- 
ductive film 123 is removed by anisotropic etching to 
form the gate electrode 105 and the charge holding 

so electrode 109, as shown in Fig.6. At this time, the silicon 
oxide film 122 below the gate electrode 105 serves as a 
gate oxide film 106, while the silicon oxide film 122 
beneath the charge holding electrode 1 09 serves as the 
capacitance insulating film 1 10. 

55 The photoresist 1 24 is then removed and, by a suit- 
able cleaning step and an impurity introducing step by 
ion implantation, the capacitance forming diffusion layer 
107 and the bit line connection diffusion layer 108 are 
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formed. Then, as shown in Fig.7, a photoresist 126 hav- 
ing a pattern of connection holes 1 14, 1 15 is formed by 
photolithography. 

Then, an unneeded portion of the interlayer insulat- 
ing film 125 is removed by anisotropic etching and an 
electrically conductive film 127 mainly formed by, e.g., 
aluminum is formedrA photoresist 128 having apattern 
of the capacitance electrode connecting local intercon- 
nection 111 and the bit line connecting local intercon- 
nection 112 then is formed by photolithography, as 
shown in Fig. 8. 

Then, an unneeded portion of the electrically con- 
ductive film 127 is removed by anisotropic etching or 
forming the capacitance electrode connecting local 
interconnection 1 1 1 and the bit line connectng local 
interconnection 112. The photoresist 127 is removed 
and, after a suitable cleaning step, an inter layer insulat- 
ing film 129 is formed, and a photoresist 130 having the 
pattern of the connection hole 1 16 is formed by by pho- 
tolithography, as shown in Fig.9. 

TTien, an unneeded portion of the interlayer insulat- 
ing film 129 is removed by anisotropic etching. Then, an 
electrically conductive film 131 formed mainly of alumi- 
num is formed, and a photoresist 1 32 having the pattern 
of the bit line 113 is formed by photolithography, as 
shown in Fig. 10. 

Then, an unneeded portion of the electrically con- 
ductive film 126 is removed by anisotropic etching for 
forming the bit line 113 for completing the structure of 
the memory cell shown in Rgs.1 and 2. 

In Figs.1 and 2, the reference numerals for the 
interlayer insulating film, shown in Figs.3 to 10, are omit- 
ted for avoiding complexity in the drawings. In the illus- 
tration of the manufacturing process from Figs.3 to 10, 
there are a variety of combinations for the process obvi- 
ously required for introducing impurities or the planariz- 
ing step for the inter layer insulating film and a desired 
technique may be selected from known techniques. 
Since these techniques are not limiting the present 
invention, the description therefor is omitted for simplic- 
ity. Moreover, specified numerical figures of the film 
thicknesses of the electrically conductive films and insu- 
lating films and the dimension of the interconnection are 
not explained since these films or interconnections can 
be manufactured with the known numerical values used 
in the dynamic random access memory structure. 

In the f irst embodiment of the present invention, the 
gate oxide film 106 and the capacitance insulating film 
110 are formed by the same oxide film forming step, 
while the gate electrode 105 and the charge holding 
electrode 109 are formed by the same elect rode form- 
ing step, so that by addition only of the step for forming 
the trench 104, the memory cell can be manufactured 
by the same number of steps as that for producing the 
CMOS logic device based on the ordinary mono-layer 
gate interconnection and the dual-layer metal intercon- 
nection. Since the memory cell area is increased only 
by a value corresponding to the size of the charge hold- 



ing electrode 109 and the separation between the 
charge holding electrode 109 and the gate electrode 
105, the memory cell size can be reduced to approxi- 
mately twice the size of the memory cell formed by the 
5 designing dedicated solely to memory and which is 
determined by the pitch between the word line and the 
bit line. 

In the memory cell of the present embodiment, 
since the charge holding electrode 109 is disposed on 
10 the side of the electrically conductive film, instead of on 
the side of the semiconductor substrate, that is the sub- 
strate 101 is used as a counterelectrode of the charge 
holding electrode 108, the memory cell of the present 
embodiment is hardly susceptible to the effect of soft- 
75 ware error as is the case with the memory cell of the 
stacked structure. Moreover, the junction area between 
the charge holding electrode 109 and the semiconduc- 
tor substrate 101 can be reduced as in the case of the 
memory cell of the stacked structure. 
20 In the present embodiment, two separate connec- 
tion holes 114 are opened in the capacitance forming 
diffusion layer 107 and in the charge holding elect rode 
109 for interconnection. However, it is also possible for 
the capacitance electrode connecting local interconnec- 
ts tion 1 1 1 to interconnect the capacitance forming diffu- 
sion layer 107 and the charge holding elect rode 109 by 
the sole connect ion hole 114, as will be explained as 
Enbodiment 2. 

30 Embodiment 2 

A second embodiment of the present invention is 
hereinafter explained. Fig.11 is a plan view showing a 
second embodiment of the present invention and Fig.12 

35 is a cross-sectional view for illustrating the second 
embodiment taken along line Z-Z' in Fig.1 1. 

Referring to Figs.1 1 and 12, 201 is a semiconductor 
substrate, 202 is an isolation oxide film or a so-called 
selective oxide film and 203 is an active area that is an 

40 area of the surface of the semiconductor substrate 201 
not covered by the selective oxide film 202. 204 is a 
trench, the semiconductor substrate surface in the 
inside of which becomes(i.e.,acts as) a counterelec- 
trode of the charge holding elect rode. 205 is a gate 

45 elect rode operating simultaneously as a word line. 
Between this gate electrode 205 and the active area 
203 is a gate oxide film 206. 207 is a capacitance form- 
ing diffusion layer and 208 is a bit line connction diffu- 
sion layer. 209 is a charge holding electrode. Between 

so the charge holding electrode 209 and the surface of the 
semiconductor substrate 201 within the trench 204 is a 
capacitance insulating film 210. 211 is a capacitance 
electrode connecting local interconnection and 212 is a 
bit line connection local interconnection 212. 213 is a bit 

55 line. 

The capacitance electrode connecting local inter- 
connection 21 1 interconnects the capacitance forming 
diffusion layer 207 and the charge holding electrode 209 
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by a connection hole 214. The bit line connection local 
connection 212 interconnects the bit line connction dif- 
fusion layer 208 and the bit line 213 via connection 
holes 215, 216. 

In the present embodiment, similarly to the previous 
first embodiment the gate oxide film 206 and the capac- 
itance insulationg film 210 are-formed by the" same 
oxide film forming step, while the gate electrode 205 
and the charge holding electrode 209 are formed by the 
same electrode forming step. 

Similarly, the capacitance electrode connecting 
local interconnection 211 and the bit line connection 
local connection 212 are formed by the same intercon- 
nection forming step. 

As characteristic of the present invention, the 
trench 204 is not completely covered by the pattern of 
the charge holding electrode 209, while the trench 204 
as compared to the above-described first embodiment 
is arranged at a position proximate to the gate electrode 
205 on the isolation oxide film 202 up to approximately 
one-fourth of the interval between the gate electrode 
205 on the isolation oxide film 202 and the capacitance 
holding electrode 209, such that the pattern of the 
charge holding electrode 209 can be designed to a size 
smaller than the charge holding electrode 109 of the 
above-described first embodiment In this manner, the 
memory cell area can be made smaller by approxi- 
mately 15% that of the first embodiment such that the 
memory ceil area can be reduced to approximately 1 .5 
times as large as the memory ceil size designed by the 
solely memory-dedicated design. 

The manufacturing method of the present embodi- 
ment is substantially the same as that explained in the 
above-described first embodiment. However, as stated 
in connection with the characteristics of the present 
embodiment, there is a small difference in the forming 
step of the gate elect rode 205 and the charge holding 
electrode 209 due to the small size of the charge hold- 
ing electrode 209. Therefore, this step is now explained 
by referring to Figs. 13 and 14, which are similar to 
Figs.5 and 6 of the above-described first embodiment. 

Since the trench 204 is not completely covered by 
the photoresist forming a pattern of the charge holding 
electrode 209 and the gate electrode 205, the electri- 
cally conductive film 223 on the trench 204 is etched off, 
that is etched back, in an amount approximately corre- 
sponding to the thickness of the electrically conductive 
film 223 when forming the gate electrode 205 and the 
charge holding electrode 209. This represents the dif- 
ference of the present embodiment from the above- 
described first embodiment. 

Embodiment 3 

A third embodiment of the present invention is here- 
inafter explained. Fig. 15 is a plan view for illustrating the 
third embodiment Fig.15B shows the correspondence 
between a pattern and the numerical figures other than 



bit lines and gate electrodes of Fig.15A, and Fig.16 
shows the cross-section of the third embodiment of the 
present inovention taken along line X-)C of Fig. 15 A. 
Fig. 17 shows a cross-section of a third embodiment of 
5 the present invention taken along line Y-Y* of Fig.15A. 
Fig.18 is a cross-sectional view, taken along line Z-Z* of 
Fig.15Ar 

Ref erring to Figs. 15 to 18, 301 is a semiconductor 
substrate, 302 is an isolation oxide film or a so-called 

io selective oxide film and 303 is an active area that is an 
area of the surface of the semiconductor substrate 201 
not covered by the selective oxide film 302. 304 is a 
trench, the semiconductor substrate surface in the 
inside of which acts as a counter electrode of the charge 

is holding electrode. 305 is a gate electrode operating 
simultaneously as a word line. Between this gate elec- 
trode 305 and the active area 303 is a gate oxide film 
306. 307 is a capacitance forming diffusion layer and 
308 is a bit line connection diffusion layer. 309 is a 

20 charge holding electrode. Between the charge holding 
electrode 309 and the surface of the semiconductor 
substrate 301 within the trench 304 is a capacitance 
insulating film 310. 31 1 is a capacitance elect rode con- 
necting local interconnection and 312 is a bit line con- 

25 nection local interconnection 312. 313 is a bit line. 

The capacitance electrode connecting local inter- 
connection 31 1 interconnects the capacitance forming 
diffusion layer 307 and the charge holding electrode 309 
by a connection hole 314. The bit line connecting local 

30 interconnection 312 interconnects the bit line connec- 
tion diffusion layer 308 and the bit line 313 via connec- 
tion holes 315, 316. 

In the present embodiment, similarly to the previous 
first and second embodiments, the gate oxide film 306 

35 and the capacitance insulating film 310 are formed by 
the same oxide film forming step, while the gate elec- 
trode 305 and the charge holding electrode 309 are 
interconnected by the same electrode forming step. 
Similarly, the capacitance electrode connecting 

40 local interconnection 311 and the bit line connecting 
local interconnection 312 are formed by the same inter- 
connection forming step. 

The features of the present embodiment that is the 
points of difference thereof from the above-described 

45 first and second embodiments, are hereinafter 
explained. 

(1) The first point of difference is as follows; In the 
above-descrtoed first and second embodiments, 

so the active areas 103. 203 of the gate electrode 
(word line) of the memory cell transistor neighbor- 
ing in the channel width <firection(i.e.,wordline 
direction) to each other are offset by two neighbor- 
ing gate electrodes (word lines), whereas, in the 
55 present embodiment the active areas 303 neigh- 
boring in the word line direction are offset by one 
gate electrode (word line) 305. 

(2) The second point of difference is that in the 
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above-described first and second embodiments, the 
trenches 104, 204 are arranged along the long 
sides of the active areas 103, 203, that is along the 
direction X-X* of figs.1 and 11, whereas, in the 
present embodiment, the trench 304 is arrayed in a 5 
direction offset by 90° from the long side direction of 
the "active area 303, that is in a direct ion Z-Z* in 
Fig.15. 

This anangement is rendered possible by the 
manner of arrangement of the active area 303 10 
which is the first characteristics of the present 
embodiment (see (1) above). That is, by arranging 
the active areas 303 neighboring to each other in 
the word line direction to be displaced each other 
by one gate electrode (word line) 305, the area of is 
the isolation oxide film 302 between the throughout- 
extending word lines is arranged next to the Z-Z 
direction array of the capacitance forming diffusion 
layer 307 of the active area 303. Therefore, the 
trench 304 can be arranged in an area of the isola- 20 
tion oxide film 302 between the throughout-extend- 
ing word lines in a direction offset 90° from the long 
side (longitudinal) direction of the active area 303. 
that is in the direction Z-Z' of Fig.15. 
(3)The third point of difference is that there is no 25 
lithographic pattern of the charge holding electrode 
309 and the trench 304 is arranged at both side 
gate electrodes 305 at a separation of approxi- 
mately one-fourth the minimum separation of the 
gate electrode 305 such that the separation 30 
between the gate electrodes can be designed to be 
smaller than the case of the above-described first 
and second embodiments. In the present embodi- 
ment, the memory cell area can be reduced by 
approximately 35% and 25% as compared to that in 35 
the first embodiment and to that in the second 
embodiment, respectively, while it can be reduced 
up to approximately 1 .1 times the memory cell size 
of the solely memory<Jedicated design. 

40 

The manufacturing method of the present embodi- 
ment is substantially equal to that explained in the first 
or second embodiment. However, due to the absence of 
the lithographic pattern of the charge holding electrode 
309, in accordance with the characteristics of the 45 
present embodiment, there results a slight difference in 
the gate electrode 305, charge holding electrode 309, 
capacitance electrode connecting local interconnection 
31 1 and in the bit line connecting local interconnection 
312. This difference is hereinafter explained by referring so 
to Figs. 19 to 36. This step corresponds to Figs.5 and 6 
and to Rgs.13 and 14 for the first and second embodi- 
ments, respectively. 

Figs. 19. 22, 25, 29 and 33 are cross-sectional 
views of the process taken along line X-X* of Fig.15, ss 
while Rgs.20, 23. 26, 30 and 34 are cross-sectional 
views of the process taken along line Y-Y* of Fig.15 and 
Figs.21, 24, 27, 31 and 35 are cross-sectional views of 



the process taken a long line Z-T of Fig.15. 

Figs.28, 32 and 36 are cross-sectional views of the 
process showing the boundary area of the memory cell 
array area and the peripheral logic circuit area other 
than the memory cell array area of the present third 
embodiment. 

Referring to figs. 19 to 21, the isolating oxide film 
302 and the active area 303 are formed on a semicon- 
ductor substrate 301, after which the trench 304 is 
formed. Then, after a suitable washing step, a silicon 
oxide film 321 is formed by the thermal oxidation 
method or the chemical gaseous phase growth method. 
Then, an electrically conductive film 322 formed by a 
dual-layer structure of the polycrystalline silicon and 
metal silicide, and a silicon oxide film 323 containing 
phosphorus and boron is formed by the thermal oxida- 
tion method or the chemical gaseous phase growth 
(deposition) method. Further, a photoresist 324 having 
the pattern of the gate electrode 305 is formed by pho- 
tolithography. 

Then, unneeded portions of the silicon oxide film 
323 containing phosphorus and boron and the electri- 
cally conductive film 322 are removed by anisotropic 
etching to form the gate electrode 305 and the charge 
holding electrode 309 as shown in Figs.22 to 24. At this 
time, the silicon oxide film 322 below the gate electrode 
305 proves to be the gate oxide f Dm 306, while the sili- 
con oxide film 322 below the charge holding electrode 
309 becomes the capacitance insulating film 310. 

In the present embodiment, there is no lithographic 
pattern of the charge holding electrode 309, i.e., trench 
304 is not covered by the photoresist so that, when the 
unneeded portions of the silicon oxide film 323 contain- 
ing phosphorus and boron and the electrically conduc- 
tive f ilm 322 are removed by the photoresist pattern of 
the gate electrode 305, the electrically conductive film 
322 over the trench 304 and the silicon oxide film 323 
containing phosphorus and boron are etched off by 
etchback in an amount corresponding to the thickness 
at the time of film forming, so as to be left in the trench 
304 to become the charge holding electrode 309. 
The photoresist 324 is then removed and, after a suita- 
ble washing step and an impurity introducing step by ion 
implantation, the capacitance forming diffusion layer 
307, bit line connction diffusion layer 308 and an inter 
layer insulating film 325 are formed in this order. Then, 
as shown in Figs.25 to 28, a photoresist 326 having the 
pattern of the connection holes 314, 315 is formed by 
photolithography. Since the connection holes 314, 315 
are formed by self-alignment contact, the photoresist 
327 has a pattern being opened in the whole area of the 
memory ail array. 

Then, an unneeded portion of the interiayer insulat- 
ing film 325 is removed by anisotropic etching and an 
electrically conductive layer 329 formed mainly of poly- 
crystalline silicon is formed, and a photoresist 330 hav- 
ing a pattern of a capacitance electrode connecting 
local interconnection 31 1 and a bit line connection local 
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connection 3 1 2 Is formed by photolithography, as shown 
in Figs.29 to 32. 

Then, an unneeded portion of the electrically con- 
ductive film 326 is removed to form the capacitance 
electrode connecting local interconnection 31 1 and the 5 
bit line connection local connection 312. Then, after 
removing an T u^e^^"portion"6f th^ihterlayer insulat : " 
ing film 325 of a peripheral logic circuit area 327 by ani- 
sotropic etching, silicon oxide film 323 on the gate 
electrode 305, containing phosphorus and boron, is io 
selectively removed by gaseous phase hydrogen fluo- 
ride for siliciding the capacitance electrode connecting 
local interconnection 31 1, bit line connection local con- 
nection 312, capacitance forming diffusion layer 307 
and the bit line connction diffusion layer 308 to form a is 
titanium siiicide layer 331. 

Then, a connection hole 316 and a bit line 313 are 
formed by a method similar to that of the above- 
described first embodiment to form a memory cell struc- 
ture, thus producing a cross-sectional shape shown in 20 
Figs. 16 to 18. 

Embodiment 4 

A fourth embodiment of the present invention is 25 
hereinafter explained. In the present embodiment, the 
planar layout and the substrate structure of the memory 
cell are similar to those of the above-described third 
embodiment. 

In the above-described third embodiment the 30 
capacitance electrode connecting local interconnection 
31 1 and the bit line connection local connection 312 are 
formed by a an electrically conductive layer of polycrys- 
taliine silicon. In the present embodiment, the steps cor- 
responding to Figs.29 to 32 of the third embodiment are 35 
carried out by the selective epitaxial growth or selective 
growth of silicon, as shown in Figs.37 to 40. and the 
capacitance electrode connecting local interconnection 
31 1 interconnecting the capacitance forming diffusion 
layer 307 and the charge holding electrode 309 is 40 
formed by lateral selective growth. 

In the present embodiment, a semiconductor mem- 
ory device having the same structure, operation and 
result as those of the third embodiment can be imple- 
mented by a one less number of photolrthographic 45 
steps. 

Embodiment 5 

A fifth embodiment of the present invention s here- so 
inafter explained. The present embodiment is similar in 
the basic structure and in planar layout of the memory 
cell to the previously described second and fourth 
embodiments. 

In the present embodiment, growth of the silicon 55 
oxide film 323 containing phosphorus and boron is not 
carried out, and the photoresist 326 having the pattern 
of the connection holes 314, 315 is not formed. Specifi- 



cally, in the present embodiment, the silicon oxide film 
325 is etched back in the step corresponding to the 
process shown in Figs.29 to 32 and Figs.33 to 36 as 
shown in Figs.41 to 44. Then, silicon is formed by the 
selective epitaxial growth or selective growth of silicon, 
on the overall semiconductor surface, and a titanium sii- 
icide layer is then" formed by siiicidatiorTso thatthe 
capacitance electrode connecting local interconnection 
311 interconnecting the capacitance forming diffusion 
layer 307 and the charge holding electrode 309 is 
formed by selective growth and lateral growth (forma- 
tion) of silicidation. 

In the present embodiment, the semiconductor 
memory device having the same structure and opera- 
tion as the above-described third embodiment can be 
realized by the two less number of the photolithographic 
operations. 

Embodiment 6 

A sixth embodiment of the present invention is 
hereinafter explained. In the present embodiment, a 
memory cell structure similar to that of the above- 
described third embodiment is formed and laid out on a 
semiconductor substrate of the SOI (silicon-on-insula- 
tor) structure. 

Refening to Figs.45 to 47, 401 is a semiconductor 
substrate, 401 A is a substrate isolation silicon oxide film 
and 402 is an isolation oxide film, that is a so-called 
selective oxide film. In the present embodiment, this iso- 
lation oxide film connects to the substrate isolation sili- 
con oxide film 401 . 403 is an active area, that is an area 
on the surface of the semiconductor substrate 401 not 
covered by the substrate isolation silicon oxide film 402. 
In the present embodiment, the active area is a silicon 
crystal layer isolated by oxidation during formation of 
the substrate isolation silicon oxide film 402 in an 
amount corresponding to the thickness of the silicon 
crystal film. 404 is a trench, the semiconductor sub- 
strate surface the inside of which constitutes a coun- 
terelectrode of the charge holding electrode. 405 is a 
gate electrode operating simultaneously as a word line. 
Between this gate electrode 405 and the active area 
403 is a gate oxide film 406. 407 is a capacitance form- 
ing diffusion layer and 408 is a bit line connecting diffu- 
sion layer. 409 is a charge holding electrode. Between 
the charge holding electrode 409 and the surface of the 
semiconductor substrate 401 within the trench 404, 
there is a capacitance insulating film 410. 411 is a 
capacitance electrode connecting local interconnection 
and 412 is a bit line connecting local interconnection. 
413 is a bit line. 

The capacitance electrode connecting local inter- 
connection 41 1 interconnects the capacitance forming 
diffusion layer 407 and the charge holding electrode 409 
by a connection hole 414. The bit line connecting local 
interconnection 412 interconnects the bit line connec- 
tion diffusion layer 408 and the bit line 413 via connec- 
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tion holes 415, 416. 

In the present embodiment, the semiconductor sub- 
strate carries a silicon oxide film and a silicon crystal on 
a silicon substrate to provide a SOI substrate structure. 
However, since the trench 404 is opened in an area of 5 
the substrate isolation silicon oxide film 401 connecting 
to the isolation oxide film 402, the manufacturing 
method which is the same as the manufacturing method 
of the first to fifth embodiments can be used for the 
present embodiment 10 

The effect of the present invention includes the fol- 
lowing advantages. 

According to the present invention, as described 
above, the memory cell structure, strong against soft- 
ware errors, having the semiconductor substrate sur- is 
face as a courrterelectrode of the charge holding 
electrode can be manufactured by the same number of 
steps as that used for the CMOS logic device of the ordi- 
nary single-layer gate interconnection or the dual-layer 
metal interconnection solely by addition of a trench 20 
forming step by forming the gate oxide film and the 
capacitance insulating film by the same oxide film form- 
ing step and by forming the gate electrode and the 
charge holding electrode by the same electrode forming 
process. 25 

Further, according to the present invent ion, addi- 
tional to the case with the active areas of the gate elec- 
trode (word line) of the memory cell transistor 
neighboring in the channel width direction to each other 
are offset by two neighboring gate eiectrodes(word 30 
lines), the active areas neighboring to the word line 
direction can be arranged with a shift of the gate elec- 
trode (word line) and the trench is arrayed in a direction 
offset by 90° from the long side of the active area. 
Namely the active areas neighboring in the word line 35 
direction can be arranged with an offset of one gate 
electrode (word line), the isolating oxide film area 
between the traversing word lines is arranged next to 
the capacitance forming diffusion layer of the active 
area, such that the trench can be arranged in the isolat- <o 
ing oxide film area between the traversed word lines in 
the direction 90° offset from the long side direction of 
the active area. Moreover, by eliminating the litho- 
graphic pattern of the charge holding electrode and by 
arranging the trench at the positions close to approxi- 45 
mately one-fourth the minimum separation of the gate 
electrodes, it becomes possible to hold the size of the 
capacitance electrode and to reduce the gate electrode 
separation simultaneously. The memory cell area can 
be reduced to approximately 1.1 times the memory cell so 
size designed by the solely memory dedicated design. 

Moreover, according to the present invention, the 
trench capacitor can be formed to the same insulating 
film thickness and the electrode as the gate oxide film, rt 
becomes possible to reduce the area by substitution for 55 
the compensating capacitor formerly provided by the 
planar capacitance. 

Furthermore, according to the present invention. 



since the trench is formed penetrating through the isola- 
tion oxide film, it becomes possible to suppress the 
effect of parasitic devices of the separation area 
between the substrate at the capacitance courrterelec- 
trode and the diffusion area connecting to the capaci- 
tance holding electrode produced by directly forming 
the trench in the diffusion area connecting to the capac- 
itance holding electrode of the transistor. 

It should be noted that modifications apparent in the 
art may be done without departing the gist and concept 
as disclosed herein within the scope as claimed herein. 

Claims 

1 . A semiconductor device having a dynamic random 
access memory having a plurality of memory cells 
each having a transistor and a capacitor, character- 
ized in 

that a gate oxide film of said transistor and a 
capacitance insulating film of said capacitor are 
formed by the same insulating layer; 
that a gate electrode of said transistor and a 
charge holding electrode of said capacitor are 
formed by eliminating unneeded portions of the 
same electrically conductive layer to give a 
desired shape; and 

that a courrterelectrode of the charge holding 
electrode of said capacitor is formed by a 
recess, that is a trench, in a surface of a semi- 
conductor substrate. 

2. The semiconductor device as defined in claim 1 
characterized in that the device comprises: 

a plurality of active areas on the surface of the 
semiconductor substrate for forming the tran- 
sistor of said dynamic random access memory; 
and 

an area coated with an insulating film for isola- 
tion of said active area; 

wherein said trench is formed in said 
area coated with the insulating film for isolation 
of said active area by providing an opening in 
said insulating film for isolation of said active 
area in a pre-set portion other than said active 
area. 

3. The semiconductor device as cfif ined in claim 1 or 2 
characterized in that in said trench is fomed at an 
intermediate between neighboring gate electrodes; 
and 

that part or entire of the charge holding elec- 
trode of the capacitor formed by the same electri- 
cally conductive film as the gate electrode is buried 
in said trench. 
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4. The semiconductor device as defined in claim 1 , 2 
or 3 characterized in 

that active areas of said gate electrode neigh- 
boring to each other in the direction of the 
channel width are offset by one neighboring 
gate electrode ; and 

that said trench is formed in a direction 90° off- 
set from the long side direction of said active 
area. 

5. The semiconductor device as defined in claim 3 or 
4 characterized in that the charge holding electrode 
buried in said trench and a capacitance connecting 
portion of the active area forming said transistor are 
connected to each other by lateral growth (forma- 
tion) of a selectively grown electrical conductor. 

6. The semiconductor device as defined in claim 3 or 
4 characterized in that the charge holding elec- 
trodes buried in said trench and a capacitance con- 
necting portion of the active area forming said 
transistor are connected to each other by lateral 
growth(formation) of a selectively grown electrical 
conductor of silicon and by lateral growth(forma- 
tion) by silicidation of said electrical conductor. 

7. The semiconductor device as difined in any one of 
claims 1 to 6 characterized in that the active area 
forming said transistor is isolated from the semicon- 
ductor substrate by a substrate isolating silicon 
oxide film. 

8. The semiconductor device as difined in any one of 
claims 1 to 7 characterized in that said trench is 
formed also in an area other than the memory cell 
array area, said trench used as a capacitance 
device. 

9. A semiconductor device having a dynamic random 
access memory having a plurality of memory cells 
each having a transistor and a capacitor, character- 
ized in that 

a trench making up a capacitor of said memory 
ceil is disposed between neighboring gate 
electrodes, 

10. A semiconductor device having adynamic random 
access memory having a plurality of memory cells 
each having a transistor and a capacitor, character- 
ized in 

that active areas of gate electrodes of the tran- 
sistors of said memory ceils neighboring to 
each other in the direction of channel width are 
offset by one neighboring gate electrode; and 
that a trench making up a capacitor of said 



memory cell is formed in a direction by 90° off- 
set from a long side direction of said active 
area. 

5 11. The semiconductor device as defined in claim 9 or 
10 characterized in that part or entire of a charge 
holding electrode of the capacitor is formed by the 
same electrically conductive film as the gate elec- 
trode and buried in said trench. 

w 

12. The semiconductor device as defined in any one of 
claims 9 to 1 1 characterized in that a gate oxide film 
of the transistor of said memory cell and a capaci- 
tance insulating film of said capacitor are formed by 

75 the same insulating layer; and 

that the gate electrode of the transistor and 
the charge holding electrode of said capacitor are 
obtained on removing unneeded portions of the 
• same electrically conductive layer to a desired 
20 shape. 

13. A method for manufacturing a semiconductor 
device having a dynamic random access memory 
having a plurality of memory cells each having a 

25 transistor and a capacitor, characterized by com- 
prising the steps of: 

forming a gate oxide film of said transistor and 
a capacitance insulating film of said capacitor 

30 by one and the same oxide film forming step; 

forming a gate electrode of said transistor and 
a charge holding electrode of said capacitor by 
one and the same electrode forming step by 
removing an unneeded portion of the same 

35 electrical conductor layer to a desired shape; 

and 

arranging a charge holding electrode of said 
capacitor on the electrical conductor side, with 
a counterelectrode of said charge holding elec- 
40 trode being formed as a recess, that is a trench 

in the surface of a semiconductor substrate. 

14. The method as defined in claim 13 characterized in 
- .*. that said trench is formed in an area of the transis- 

45 tor coated by an insulating film for isolating an 
active area of said transistor by providing an open- 
ing in said insulating film at a pre-set portion other 
than said active area. 

so 1 5. The method as defined in claim 1 3 or 1 4 character- 
ized in that said trench is formed between neighbor- 
ing gate electrodes; and 

that part or entire of the charge holding elec- 
trode of said capacitor formed by the same electri- 

55 cally conductive film as said gate electrode is 
buried in said trench. 

16. The method as defined in any one of claims 13 to 



12 



23 EP0 858109A2 

15 characterized in 

that active areas of said gate electrodes neigh- 
boring to each other in the direction of the 
channel width are offset by one neighboring s 
gate electrode; and 

Mfsa^ trench" is formed in a direction 90° off- 
set from the long side direction of said active 
area. 

w 

17. The method as defined in claim 15 or 16 character- 
ized in that the charge holding electrodes partially 
or entirely buried in said trench and the capacitance 
connecting portion of the active area forming said 
transistor are connected to each other by lateral is 
growth{formation) of a selectively grown electrical 
conductor. 

18. The method as defined in claim 15 or 16 character- 
ized in that the charge holding electrode partially or 20 
entirely buried in said trench and a capacitor con- 
necting portion of the active area forming said tran- 
sistor are connected to each other by lateral 
growth(formation) of a selectively grown electrical 
conductor of silicon and by lateral growth(forma- 25 
tion) by silicidation of said electrical conductor. 
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